On the nucleolus and karyokinesis in 
Zygnema. 

Ninth contribntion to the kwowledge of karyokinesis. 
by 

C. VAN WISSELINGH. 


Whilst Spirogyra has very often been used for the 
investigation of the nucleus and nuclear division, Zygnema 
has so far as I know, up to the present, only been studied 
for this purpose by two investigators. It should be no 
cause for surprise that the latter alga has generally been 
neglected. The dimensions of the cells and nuclei are so 
much smaller than those in the larger species of Spirogyra, 
that one would expect to meet with still greater difficul¬ 
ties in a karyokinetic investigation than would arise in 
the case of Spirogyra. Such is indeed the case and in 
studying karyokinesis I have not been able to trace the 
details of the process to the same extent as in different 
species of the genus Spirogyra. 

Mabel L. Merriman 1 ) was the first to study karyoki¬ 
nesis in Zygnema. She could not with certainty identify the 
species studied, because she had no zygospores at her 
disposal. The chief results of her inquiry were as follows. 

She found in the nucleus of Zygnema no body that 
corresponds to the nucleoli of higher plants. There is in 

') Mabel L. Merriman, Nuclear division in Zygnema. Reprinted 
from The Botanical Gazette, 41, Jan. 1906, p. 43—53. 
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the middle of the nucleus a central body that is composed 
of the greater portion of the cromatin-granules, whilst the 
rest of the chromatin-granules is situated in the peripheral 
network between the central body and the nuclear mem¬ 
brane. During karyokinesis the central body splits into 
many small ones, whilst the granules in the network increase 
in size. In this way there are formed 20 or more mostly 
loose chromosomes. A spirem is not formed. The chro¬ 
mosomes come to lie in a ring round the centre. The 
nuclear membrane dissolves. Then the chromosomes ap¬ 
proach one another, and unite into 4 to 6 tetrads or groups 
of four, which become arranged in two parallel planes, 
lying close together. The chromosomes of these two planes 
separate. No longitudinal splitting takes place. The groups 
of four now divide into smaller groups, which form two 
rings. Thereupon the central body is formed, composed 
usually of the greater number of the chromosomes. A 
nuclear membrane also appears again. Daughter nuclei 
with many tetrahedral granules, with several masses and 
with a single mass are observable. 

Eud. Escoyez 1 ) investigated the nucleus and karyoki¬ 
nesis in a species of Zygnema, which he believes to have 
been different from that studied by Miss Merriman, 
but which he could not identify. 

His results are entirely different from those of Miss 
Merriman. He states that in the resting nucleus, there 
can be distinguished a network, an ordinary nucleolus 
and a nuclear membrane. Rarely there are two nucleoli 
in the nucleus. The nucleolus, according to Escoyez, lies 
in a cavity (cavite perinucleolaire) which is surrounded by 
a very thin membrane. He thinks it possible, however, 
that this cavity is formed in the fixing. He describes the 

*) Eud. Escoyez, Le Noyau et la Caryocinese chez le Zygnema. 
Extrait de la Revue “La Cellule", t. XXIV, 2d fasc. 1907, p. 355-367. 
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nucleolus as mostly spherical and homogeneous; in some 
cases it shows an irregular, very aberrant form. 

Escoyez states that during the prophase of karyokinesis 
thicker parts arise in the network which shows a looser 
structure. Finally 30 to 40 chromosomes are formed which 
resemble rodlets. 

The chromosomes arise directly from the network which 
does not first form a spirem. The nucleolus plays no 
morphological part in the formation of chromosomes. Its 
shape undergoes modification and finally it completely 
dissolves. Escoyez states that the nuclear spindle penetra¬ 
tes into the nuclear-cavity and that the chromosomes 
subsequently form an equatorial ring. Then longitudinal 
splitting takes place, the chromosome halves take up a 
position near the two poles of the nuclear spindle, which 
are found near the chromatophores. They crowd together 
into plate-shaped bodies. Later they again become visible 
to the number of 30 to 40. Gradually a network forms 
which corresponds with that of the resting nucleus. Escoyez 
says that the nucleolus is first a small body which gradu¬ 
ally increases in size. Its formation is independent of the 
chromosomes. 

The object of Escoyez’s investigation was not only to 
control Miss Merriman’s results, which diverge greatly 
from those generally obtained in karyokinetic inquiry, but 
he wished also to answer the question whether Zygnema 
so far as the nucleolus and karyokinesis are concerned, agrees 
with Spirogyca where according to Escoyez J. Berghs 1 ) 
has established that the twelve chromosomes arise exclu¬ 
sively derived from the nucleolus. As is already evident 
from the above, Escoyez's investigation yielded negative 
results on both points. His results differ widely from 

') ]. Berghs, Le Noyau et la Cin£se chez le Spirogyra. Extrait de 
la Revue “La Cellule”, t. XXIII, ler fasc. 1906. p. 55—85. 
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those of Miss Merriman and also from those of Berghs 
obtained with Spirogyra. 

With regard to the latter, I remark, that the opinions 
of investigators on the nucleolus and karyokinesis of 
Spirogyra are very divergent and that weighty objections 
can be advanced against the conclusions of Berghs in 
particular J ). 

The object of my own inquiry was to answer the 
question concerning the agreement of the two genera in 
respect of the nucleoli and karyokinesis, of which I had 
already made a complete study in five species of Spirogyra. 
The results obtained with three thick species have been 
already described 2 ), those with two thinner ones are still 
to be published. 

The species of Zygnema which I examined and of 
which I also had the zygospores, I identified as Zygnema 
cruciatum. 

The method of investigation was mainly the same as 
that which I had previously used with good results in 
the case of Spirogyra and other plants, namely, fixing 
with Flemming’s mixture and treating with chromic acid. 
I modified the method slightly so as to facilitate the inves¬ 
tigation of Zygnema. The many globules of fat in the 
cytoplasm sometimes greatly hinder the investigation of 
the nuclei. For this reason I fixed with absolute alcohol, 
then left the material for some days in ether, transferred 
it again to absolute alcohol and replaced this by distilled 

') C. van Wisselingh, Ueber die Karyokinese bei Oedogonium. 
Beihefte zum Bo tan. Centralblatt. Bd. XXIII (1907), Abt. I. pag. 152 
and foil. 

2 ) C. van Wisselingh, Ueber den Nucleolus von Spirogyra. Bot. 
Zeitung 1898, Heft XI/XII, p. 195. — Ueber Kemteilung bei Spirogyra. 
Flora, 1900, 87. Bd. 4. Heft, p. 355. — Untersuchungen iiber Spirogyra. 
Bot Zeitung, 1902, Heft VI, p. 115. — Ueber abnormale Kemteilung, 
Bot. Zeitung, 1903, Heft X XII p. 201. 
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water. Finally the material was placed in Flemming’s 
mixture, in which it remained some days, until the treat¬ 
ment with chromic acid yielded the desired result, namely, 
slow solution of the cytoplasm and chromatophores and 
isolation of the nucleus. The latter afterwards gradually 
dissolves, during which process some of the more resistant 
parts become very clearly visible. No contraction or 
coalescence of the protoplast should occur. Should this 
happen as the result of a faulty application of the method, 
the material is useless. The strength of the chromic 
acid solution, which I applied, was 10 or 25%. Some¬ 
times the chromic acid, when it had acted sufficiently, 
was washed out with distilled water and the prepara¬ 
tions were stained blue by means of "Brilliantblau extra 
griinlich”. 

The preliminary treatment with alcohol and ether was 
advantageous and unaccompanied by any drawback. The 
troublesome fat was got rid of and it seemed to me that 
the fixation of the nuclei in Zygnema was even better 
than by the direct action of Flemming’s mixture. I did 
not see the cavity round the nucleolus, which Escoyez 
named cavite perinudeolaire, and regarding the existence 
of which in the living object there are also differences of 
opinion in other cases. Therefore I assume that no such 
cavity occurs in the living material and this agrees with 
the results I obtained previously with other plants. 

Resting nucleus (Tab. I, Fig. 1). The nucleus is situated 
in the middle of the cell between the two chromatophores 
and is stretched longitudinally. The following parts can be 
distinguished in the resting nucleus: the nuclear membrane, 
the netw®rk composed of small granular bodies united by 
fine threads, and the nucleolus. I never saw a resting 
nucleus with two nucleoli. There is nothing special to 
say about the nuclear membrane and the nuclear network. 
With regard to the latter there is here as little reason 
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as in other cases for assuming that the granules and the 
connecting threads are chemically different. 

The nucleolus calls for special attention. Superficial 
observation would lead to the assumption that it is an 
almost spherical body, about which nothing special can 
be said. More exact observation, even before the action 
of chromic acid, shows that sometimes two small points 
on the nucleolus can be distinguished (Fig. 1). During 
the action of chromic acid (Fig. 2) they become much 
more visible and are seen to be small bodies which some¬ 
times resemble rodlets. They are situated on the periphery 
of the nucleolus, usually opposite one another and seem 
often half immersed in the principal mass. According as 
a more concentrated or weaker solution of chromic acid 
is used, the nuclear network or the main mass of the 
nucleolus dissolves first (Fig. 2 and 3). In either case, 
however, the two small bodies show a longer resistance. 
During the process of dissolution it can be seen that the 
two small bodies are united by a thread which generally 
runs across the nucleolus and is straight or slightly bent, 
but which may also be much curved. When the nuclear 
network has dissolved and the chromic acid has also had 
a strong solvent action on the main mass of the nucleolus, 
the thread which unites the two small bodies can be 
distinguished, and when the preparations are further stained 
with “Brilliantblau extra griinlich”, all is still more clearly 
and more easily visible. The two corpuscles are stained 
dark-blue, the thread, which unites them, is paler and 
the rest of the nucleolus is light blue. After more pro¬ 
longed action of the chromic acid the thread with the 
two corpuscles alone is still present (Fig. 4); after a still 
longer action only the latter are found and finally these 
also are seen to have dissolved. This can all be seen 
with special clearness after staining with "Brilliantblau 
extra griinlich.” 
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In every preparation that I made, the above observa¬ 
tions were confirmed dozens of times, so that I am in no 
doubt that the nucleolus in Zygnema differs in type from 
that of the higher plants, and resembles the nucleolus of 
Spicogyra in having a peculiar structure. In Spicogyra 
there are two convoluted threads or a threadwork or 
network, in Zygnema cruciatum there are two short 
corpuscles united by a thread or indeed a thread with 
two thickened ends. 

I consider the main mass of the nucleolus in Zygnema 
as identical with the substance which occurs in Spicogyra 
together with the threads or the thread- or network in 
the nucleolus. I have not been able to answer the question 
whether the nucleolus in Zygnema , like that of Spicogyra , 
possesses a membrane. 

A few nucleoli did not seem to correspond to the above 
description, although I cannot definitely state, that these 
were aberrant. I have never met with very abnormal 
nucleoli such as Escoyez observed in the resting nucleus 
so that the question occurs to me whether such nucleoli do 
not arise in fixing, like the perinucleolar cavity or whether 
perhaps they may be of a pathological nature. 

Karyokinesis. In investigating karyokinesis in Zygnema 
the first question concerned the behaviour of the thread 
with tickened ends in the nucleolus, for in Spicogyra 
ccassa I was able to determine without interruption the 
karyokinetic changes in the two nucleolar threads. In 
Zygnema I have not succeeded in doing this. Observa¬ 
tion in this case must necessarily be so much more minute 
and is accompanied by so many more difficulties, that 
after a few futile attempts I was obliged to abandon the 
study of the changes in the nucleolar thread. I am unable 
therefore to give any further information about this impor¬ 
tant point. 

At the beginning of karyokinesis the nuclear network 
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has a somewhat coarser and looser structure; everywhere 
there arise by aggregation portions which are much thicke¬ 
ned, whilst the meshes become wider. The nucleolus 
acquires an irregular shape and seems to dissolve com¬ 
pletely. By further aggregation of the nuclear network 
threads are formed, resembling strings of pearls (Fig. 5). 
The nuclear-wall is then still visible. In later stages it 
is dissolved and the network has formed a number of 
short, thick corpuscles, which are connected together by 
thin filaments. Meanwhile there arises from the cyto¬ 
plasm gathered round the nucleus a well developed nuclear 
spindle, whose pointed poles extend to the chromato- 
phores. The nuclear network now moves back more and 
more into the equatorial plane, so that finally there is in 
the centre of the nuclear spindle a flat round disc surroun¬ 
ded by the spindle-fibres (Fig. 6). This is the nuclear- 
plate. It is composed of a number of small bodies resem¬ 
bling short thick pieces of thread or lumps which are 
joined to each other by fine threads (Fig. 7), or they 
may be intimately connected or completely united. Their 
number cannot be determined. Clearly visible and well- 
formed chromosomes, such as occur in some Spirogyra 
species to the number of 12 or 6, are not found in Zyg- 
nema, but there is no great objection to calling the small, 
short bodies of the nuclear plate chromosomes, in agreement 
with the usual nomenclature. The mass out of which the 
nuclear plate is composed appears noticeably smaller than 
that of the network of the resting nucleus. 

The nuclear plate of Zygnema cruciatum is not ring- 
shaped. Miss Merriman and Escoyez believe that they 
have seen annular nuclear-plates in Zygnema, but I think 
this is a visual delusion. When a nuclear-plate is seen 
edge-ways, it may appear as if it were a ring, but if 
looked at afterwards from the side (Fig. 7), as is possible 
in using the chromic acid method, all doubt immediately 
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vanishes. I came to the same conclusion with Closterium L ), 
in which Lauterborn 2 ) had described a ring-shaped 
nuclear-plate. 

The nuclear-plate divides by longitudinal splitting into 
two halves which separate (Fig. 8 and 9). At first their 
structure becomes more dense. When, by the use of 
chromic acid, they have been isolated and fall over, they 
somewhat resemble round discs which appear spotted in 
consequence of local differences in density. These halves 
of the nuclear-plate develop into daughter-nuclei which 
acquire a membrane and consequently show a sharp 
outline (Fig. 10). It is difficult to say when the nuclear 
membrane reappears. The dense structure of the halves 
of the nuclear plate again gives place to a looser one 
and finally there is again spread out within the nuclear- 
membrane a fine network, which resembles that of the 
resting nucleus. During the entire process of karyokinesis 
the nuclear network forms a coherent whole. When the 
structure becomes looser again, the nucleoli also quickly 
appear. At first there can be distinguished in the network 
many small masses more or less globular and irregular, 
which gradually unite into several larger masses (Fig. 10) 
and finally form one single spherical mass in the centre 
of the nucleus. This representation of the origin of the 
nucleolus differs very much from that given by Escoyez, 
but it agrees with what has been observed in Spirogyra 
where also many nucleoli flow together into a single one. 

There is a further point to be noted concerning the 
development and position of the daughter nuclei in Zyg- 
nenia cruciatum. In Spirogyra and other cases the halves 
of the nuclear plate take up a position near the poles of 

*) C. van Wisselingh, Ueber Kemstruktur und Kemteilung bei 
Closterium, Beih. zum Bot. Centralbl., Bd. XXIV (1912), Abt. I. p. 429. 

2 ) R. Lauterborn, Untersuchungen iiber Bau, Kemteilung und Bewe- 
gung der Diatomeen, 1896, Fig. 68. 
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the spindle where they develop into daughter-nuclei. In 
Zygnema cruciatum the development takes place earlier 
(Fig. 10). Before the poles have been reached, the daughter- 
nuclei have already a membrane and consequently show 
a sharp outline, whilst the nucleoli have already united 
into several larger masses. The spindle-fibres lie imme¬ 
diately against the daughter-nuclei. Between the halves 
of the nuclear plate, the spindle greatly increases in cir¬ 
cumference through its fibres becoming longer and bending 
outwards (Fig. 10). At the end of karyokinesis the spindle 
moves away and often turns so that its longitudinal axis 
makes an angle with that of the cell. The daughter- 
nuclei move against the chromatophores which divide into 
two. They take up a position between the new chroma¬ 
tophores of the daughter-cells. The transverse wall develops 
in the same way as in Spirogyra. It arises at the longi¬ 
tudinal wall and grows inwards until the cell is divided 
into two. The division of the chromatophores generally 
occurs after cellular division, but it is not limited to the 
latter, for cells with 3 or 4 chromatophores are sometimes 
met with. 

Summary of results. 

1. In Zygnema cruciatum as in Spirogyra the nucleolus 
has a peculiar structure. It contains a thread with two 
thickened ends or indeed two corpuscles, which are united 
by a thinner thread. 

2. The nucleolus dissolves when karyokinesis begins. 
I cannot say with certainty whether, as in Spirogyra, 
there remain behind morphological elements, which play 
a part in karyokinesis, but I consider this probable. 

3. There is no perinucleolar cavity (cavite perinucleo- 
laire of Escoyez) in living specimens of Zygnema cruciatum. 

4. In Zygnema the chromosomes, short threadlike 
pieces or lumps, arise from the nuclear network, as 
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Escoyez also assumes and not from the nucleolus, as 
Miss Merriman imagines. 

*5. During karyokinesis the chromosomes remain con¬ 
tinually united. 

6. In Zygnema cruciatum the chromosomes do not 
form tetrads as Miss Merriman claims to have established 
in this genus. 

7. The nuclear membrane dissolves, but this is not 
accompanied by a penetration of the spindle-fibres into 
the nucleus or nuclear cavity. 

8. The halves of the nuclear-plate arise, as Escoyez 
also assumes, through longitudinal splitting of the nuclear- 
plate, and not through the grouping of the chromosomes 
in two parallel planes without splitting, as Miss Merriman 
maintains. 

9. In Zygnema cruciatum the nuclear plate is disc¬ 
shaped and not annular as Miss Merriman and Escoyez 
believe they have seen in Zygnema. 

10. The network of the daughter-nuclei develops from 
the halves of the nuclear plate. 

11. The nucleolus is formed by the coalescence of 
many smaller ones to a single body. 

12. In Zygnema cruciatum the halves of the nuclear 
plate develop already to daughter-nuclei within the nuclear 
spindle, and before they reach the poles. That part of 
the spindle which lies between the daughter-nuclei increases 
in circumference, so that the spindle becomes peculiar in 
shape. 

The results obtained by Miss Merriman, Escoyez and 
myself differ very greatly. This may partly be ascribed 
to the circumstance that different species of Zygnema 
were investigated. To a much greater extent the diffe¬ 
rences must be assigned to other causes, in particular to 
a different interpretation of observations. The observations 
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themselves however, are also sometimes different and 
perhaps not always complete. Also the fixing agent and 
the method of investigation may contribute to the diver¬ 
gence between the results of different investigators. 
Escoyez, for example, observed a perinucleolar cavity, 
whilst I, using an other method of fixation observed no 
such cavity. Miss Merriman and Escoyez both believe 
they have seen ring-shaped nuclear-plates, whilst I came 
to a different conclusion, using a method by which the 
nuclear-plates could be observed edgeways as well as 
sideways. 

It seems to me desirable that the various investigators 
should endeavour to complete their observations on 
Zygnema, and extend them to more species and also 
should apply different methods of investigation. Exchange 
of material might also be very useful. Some such action 
would be conducive to agreement, which will not be 
readily obtained by other means. 


EXPLANATION ON FIGURES. 

Fig. 1. The resting nucleus. 

„ 2. Nucleoli isolated by the use of chromic acid. 

„ 3. Nucleolus-thread with the rest of the nuclear 

network. 1 

„ 4. Nucleolus-thread isolated by the use of chromic 

acid. 

„ 5. Karyokinetic figure; the nucleolus has dissolved; 

threads are formed resembling strings of pearls. 

„ 6. Nuclear-spindle with the nuclear-plate. 

„ 7. Nuclear-plate isolated by the use of chromic 

acid. 
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Fig. 8. Nuclear-spindle with the halves of the nuclear- 
plate after the longitudinal splitting of the 
nuclear-plate. 

„ 9. Nuclear-spindle , with the separated halves of the 

nuclear-plate. 

„ 10. Nuclear-spindle with the daughter-nuclei. 



